In group living animals behavioural interactions with conspecifics strongly modulate an 27 individual's physiological stress response. A secure social embedding, with stable social 28 relationships is expected to dampen an individual's stress response which is in turn will 29 affect the immune system and health. Ultimately, positive health effects of stable social 30 bonds may contribute to maintain group living. We investigated whether, in 31 cooperatively breeding carrion crows (Corvus corone), the quality of social 32 relationships have measurable effects on patterns of gastrointestinal parasite product 33 excretion. We repeatably collected behavioural data on dyadic social interactions and 34 individual droppings to quantify parasite products, from 34 individuals in a captive 35 population of carrion crows in northern Spain. Individuals with strong social bonds and 36 living with more related individuals in a group, excreted less samples containing 37 coccidian oocysts. Sex, group size, number of social bonds and dominance rank had no 38 significant effect on number of samples containing coccidian oocysts. Also, the 39 likelihood to excrete samples containing nematode eggs was not affected by any of the 40 factors we considered. Our data presents evidence for affiliative social relationships to 41 be linked to coccidian oocyst excretion, indicating that the social environment has 42 strong fitness implications. This suggests that next to humans and other primate species, 43 social relationships may be important in driving the evolution of complex sociality in a 44 larger variety of taxa, including birds. 45 46
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show less avoidance towards the scent of a stressed familiar individual, compared to a 91 stressed unfamiliar one, which might reflect a stronger willingness to provide social 92 support (46). 93
94
In this study, we investigated whether the social environment and the quality of an 95 individual's social relationships affects prevalence of gastrointestinal parasites in 96 captive groups of carrion crows that varied in size and composition. In particular, we 97 patterns depend on the position along the hierarchy. Indeed, dominance rank is known 124 to affect individual social stress, weakening the immune system either in subordinates 125 or dominants, depending the relative allostatic load of social status in the respective 126 species (67). In addition, we expect sex differences, because males are involved in more 127 competitive interactions than females within their groups (43) and are probably more 128 exposed to the negative consequences of social stress. 129
Results

130
Social bonds and parasitological examination 131
We observed 50 bonded dyads (out of 312 dyads), 23 of which were male-132 female dyads (4 between related individuals and 19 between unrelated individuals), 12 133 were male-male (7 between related and 5 between unrelated individuals) and 15 female-134 female (5 related, 10 unrelated). On average, males and females had 1.136 ± 1.206 and 135
1.315 ± 0.945 bonded partners respectively. Mean CSI between bonded dyads was 136 2.698 ± 2.182 for male-female dyads, 2.299 ± 1.373 for female-female bonds and 3.035 related individuals in the group had a significant influence on the occurrence of 144 coccidian oocysts. Crows with a strong affiliative relationship (maximum CSI value: 145 estimate ± SE = -1.25 ± 0.557, z = 2.237, p = 0.025) and living with a larger number of 146 related individuals (estimate ± SE = -1.229 ± 0.467, z = 2.623, p = 0.008) were less 147 likely to excrete samples containing coccidian oocysts (Figures 1 and 2) , whereas the 148 size of the group (estimate ± SE = -0.384 ± 0.5, z = 0.765, p = 0.443), number of social 149 bonds (estimate ± SE = 0.723 ± 0.512, z = 1.412, p = 0.157) and dominance rank 150 (estimate ± SE = 0.326 ± 0.463, z = 0.702, p = 0.482) did not have a significant effect. 151
Males showed a weak trend to excrete more samples containing coccidian oocysts 152 compared to females (estimate ± SE = -0.811 ± 0.461, z = 1.753, p = 0.079). 153 154
Occurrence of nematode eggs 155
Overall, 52 out of 416 samples contained nematode eggs. None of the factors 156 investigated significantly affected excretion patterns of nematode eggs (supplementary 157 dispersal and bonding between adults males are therefore necessary preceding steps that 189 eventually lead to cooperation, which has to be considered a consequence rather than 190 the cause for the formation of the social group (78-80). In other words, to understand 191 why carrion crows, as well as any other bird species, form groups we need to 192 understand the advantages that sociality conveys, independently of the payoff derived 193 from cooperation at the nest. In carrion crows, as well as in many other cooperatively 194 breeding species, the benefits of delayed dispersal for offspring are well studied (81) cooperatively breeding carrion crow are extended families, comprising members with 209 different degree of relatedness. Indirect fitness benefits are known to be a primary 210 driver of kin-based sociality in many taxa of animals (83). However, our results now 211
show that living with kin can also accrue immediate direct benefits to carrion crows 212 through reduced infection by coccidia. 213
Increased exposure to parasites and disease transmission is considered as one of 214 the major disadvantages of group living. Group size is usually positively related to 215 parasite burden, which is seen as major selective force in group living animals (10). In 216 our study, group size did not have a significant effect on frequency of samples 217 containing coccidian oocysts. Therefore, contrary to the expectation that probability of 218 pathogen transmission increases with group size, we found group composition, i.e. Table 1 ). 277
278
Composite sociality index 279
For each period of data recording, we calculated a composite sociality index (CSI) 280 for each crow dyad within a group according to Silk et al. 2010 (20) . A CSI was 281 constructed from three affiliative behaviours: approach, contact sit and allopreen. Note 282 that we used mean values per observation instead of absolute numbers because the 283 number of focal observations varied among individuals (supplementary Table 1 ). For 284 each period of data collection, we also calculated for each individual the maximum CSI 285 value among all the dyads that involved that particular bird. Dyads with CSI higher than 286 the average of the entire sample were classified as 'bonded', and we counted the 287 number of bonded group members for each individual. 288
Normalized David's Score 289
We calculated the success of individuals in agonistic encounters using the corrected 290 normalized David's Score (nDS), which considers the proportion of wins and losses, 291 corrected for the chance occurrence (85). In order to compare individuals between 292 different groups, we calculated the relative difference in nDS among individuals in each 293 group (ΔnDS), with 0 being the most dominant individual (supplementary Table 1 ). 294 295
Parasitological examination 296
During the entire study period, 441 individual droppings were collected, directly 297 after defecation, so that each sample could be assigned to a particular individual 298 (supplementary Table 1 ). Samples were examined for eggs and oocysts of intestinal 299 parasites. In 2008, we used a modified version of the flotation method (64) to examine 300 the occurrence of parasite products in the droppings. Fresh droppings (0.1 g) were 301 suspended in a 2 ml collecting tube with 1 ml saturated saline. Collection tubes were 302 shaken for 10 seconds and afterwards centrifuged for 5 minutes at 3000 rpm. After 303 centrifugation, the collection tubes were filled with saline solution and a cover slip (18 x 304 18 mm) was positioned onto the tube. The high density of the saline solution causes the 305 parasite eggs and oocysts to float up and be caught on the cover slip (86). After 10 306 minutes, the cover slip was moved onto an object slide and the parasite eggs and 307 oocysts were identified and counted. From January 2013 onwards, we used a McMaster 308 counting chamber to examine the occurrence of parasite products in the droppings. The 309 entire sample was weighed, then diluted with 3 ml saturated NaCl solution per 0.1 g of 310 droppings and thoroughly mixed. Afterwards, the solution was filled into both 311
McMaster counting chambers. After 10 minutes of resting period we identified the 312 parasite eggs and oocysts in both chambers. We used a binocular with 100-fold and 313 400-fold amplification to identify parasite products. We found Coccidian oocysts, eggs 314 of several nematode species (Capillaria sp., Ascarida sp., Syngamus sp., Heterakis sp., 315
Trichostrongylus tenius) and cestode eggs to a varying degree. The proportion of 316 positive samples was highest for coccidian oocysts (24 %, n = 441). Nematode eggs 317 were found in 12 % of samples and cestode eggs where only found in less than 1 % of 318 samples. We therefore limited our statistical analysis to coccidian occysts and 319 nematodes. 320 321
Data analysis 322
We analysed the occurrence (presence/absence) of coccidian oocysts and 323 nematode eggs in the droppings. We used generalized linear mixed models (GLMMs) 324 with binomial error distributions and logit link functions. GLMMs were fitted by 325 maximum likelihood. All models were calculated in R v. 3.0.2 (87) using the 326 glmmADMB package (version 0.7.7; 88). We based our model selection on second-327 order Akaike's Information Criterion values (AICc; 89). We calculated the difference 328 between the best model and each other possible model (ΔAICc) and ranked the model 329 combinations according to their Δ AICc, which provides an evaluation of the overall 330 strength of each model in the candidate set. Multiple models qualified as the similarly 331 good models, i.e. Δ AICc ≤ 2 (90,91) and therefore we applied a model averaging 332 approach, which calculates model averaged parameters using the MuMIn package 333 (version 1.15.6). Full statistical models are presented in the supplementary materials 334 (supplementary Table 2 and 4). Maximum CSI value, group size, number of bonds, 335 number of related individuals, normalized David's score (ΔnDS) and sex were included 336 as explanatory variables. Further, we ran a model including two-way interactions 337 between sex and the fixed factors. All interactions were non-significant (supplementary 338 
Figure 1. 608
Occurrence of coccidan oocysts in carrion crow droppings in relation to the maximum 609 CSI. Occurrence probabilities were calculated as the predicted values (solid line) and 610 95% CI (shaded area). 611
Figure 2. 613
Occurrence of coccidan oocysts in carrion crow droppings in relation to the number of 614 related individuals in the group. Occurrence probabilities were calculated as the 615 predicted values (solid line) and 95% CI (shaded area). 616
